The functional method, introduced to deal with systems endowed with a continuous spectrum, is used to study the problem of decoherence and correlations in a simple cosmological model.
INTRODUCTION
One of the most important problems of theoretical physics in the recent years has been the question: How and in what circumstances does a quantum system become classical? [1] . In spite of the great effort made by physicists to find the answer, the problem is still alive [2] and we are far from a complete understanding of many of its most fundamental features. In fact the most developed and sophisticated theory on the subject, histories decoherence, is not free of strong criticisms [3] .
Nevertheless there is an almost unanimous opinion that the classical regime is produced by two phenomena: (i) Decoherence , which in quantum systems restores the Boolean statistic typical of quantum mechanics.
(ii) Correlations , which circumvent the uncertainty relation at the macroscopic level.
But the techniques to deal with these two phenomena are not yet completely developed. One of the main problems is to find a proper and unambiguous definition of the so-called pointer basis where decoherence takes place.
Our contribution to solve this problem is based on ideas On the other hand, the appearance of a classical universe in quantum gravity models is the cosmological version of the problem we are discussing Then, decoherence and correlations must also appear in the universe [10] . In this paper, using our method, we will solve this problem in a simple quantum-cosm ological model and we will find:
(i) Decoherence in all the dynamical variables and in a well-defined final pointer basis.
(ii) Correlations, in such a way that the Wigner function FW* of the asymptotic diagonal matrix r * can be expanded as
( 1.1) where F W{l}[a] is a classical density strongly peaked 3 in a trajectory defined by the initial conditions a and the momenta l, and p {l} [a] is the probability of each trajectory. As the limit of quantum mechanics is not classical mechanics, but classical statistical mechanics, this is our final result: The density matrix is translated into a classical density, via a Wigner function, and it is decomposed as a sum of densities peaked around all possible classical trajectories, each one of these densities weighted by its own probability.
Thus our quantum density matrix behaves in its classical limit as a statistical distribution among a set of classical trajectories. Similar results are obtained in refs. 11 and 12.
THE MODEL
Let us consider the flat Robertson ±Walker universe [13, 14] where h is the conformal time and a the scale of the universe. Let us consider a free neutral scalar field and let us couple this field with the metric, with a conformal coupling (j 5 1/6). The total action reads S 5 S g 1 S f 1 S i and the gravitational action is
